Prostate cancer is a one of the most common malignant diseases in men worldwide. Now it is a challenge to identify patients at higher risk for relapse and progression after surgery, and more novel prognostic biomarkers are needed. The aim of this study was to investigate the clinical significance of protocadherin17 (PCDH17) methylation in serum and its predictive value for biochemical recurrence (BCR) after radical prostatectomy.
Background
Prostate cancer is a common disease, especially in Western countries [1] . It is estimated that there will be 220 800 new cases and 27 540 deaths in the USA in 2015 [2] . Simultaneously, with changing lifestyles, the growing proportion of elderly people in the population, and improvement in awareness and disease surveillance, the morbidity of prostate cancer has increased in Eastern countries in the past few decades [3, 4] . Now, with the widespread use of prostate-specific antigen (PSA) test and biopsy, more prostate cancers can be diagnosed at an early stage and treated by radical prostatectomy [5] . Unfortunately, approximately 30% of prostate cancer patients will suffer biochemical recurrence (BCR) after initial curative surgery, ultimately leading to death [6] . However, prostate cancer is a heterogeneous disease; it is difficult to distinguish indolent cases from aggressive ones. Although preoperative serum PSA, Gleason score, and TNM stages are routinely used in clinical practice as prognostic indicators, their accuracy is limited [7] [8] [9] . Thus, novel biomarkers are needed to improve the accuracy of prognosis.
Like many other tumors, the initiation and progression of prostate cancer arises from progressive genetic and epigenetic alterations [10] . Epigenetic modifications include chromation remodeling, nucleosome occupancy, histone modifications, and DNA methylation. In particular, DNA methylation is the most well-studied and well-described epigenetic change in human cancers [11] . Aberrant DNA methylation, particularly in gene promoter regions, results in transcriptional inactivation and silencing of tumor suppressor genes in tumors, and has been linked to a wide variety of important molecular pathways. Thus, DNA methylation is one of the most reliable sources for novel biomarker discovery [12] [13] [14] [15] . Studies have indentified some new specific DNA methylation sites as biomarkers of prostate cancer. For example, aberrant methylation of some important genes, such as GSTP1, LINE-1, HSPB1, CCND2, and DPYS, are potential prognostic biomarkers of prostate cancer [16] [17] [18] [19] .
Protocadherin17 (PCDH17), a member of the cadherin superfamily, functions as a tumor suppressor in several human caners, including prostate cancer [20] [21] [22] [23] . The human PCDH17 gene locates on chromosome 13q21.2, and is often inactivated by aberrant hypermethylation in tumors [20] [21] [22] [23] [24] . Our previous study has indicated that PCDH17 methylation is a frequent event in prostate cancer tissues, and it is correlated with malignant behaviors and poor outcomes of patients with prostate cancer [22] . DNA methylation can be detected in tumor tissues, as well as in body fluids, especially in serum [23] [24] [25] . DNA fragments are frequently and abundantly detected in serum of patients with malignant tumors, and the detection of serum tumor-related methylated genes may be used as a potential biomarker in human cancers [26] [27] [28] .
To the best of our knowledge, this is the first study to investigate the clinical significance of PCDH17 methylation in serum of patients with prostate cancer. In the current study we analyzed the methylation status of PCDH17 in preoperative serum of prostate cancer patients, and then correlated it with clinical and pathological parameters, as well as patient outcome, in order to develop a potential prognostic biomarker for use at the time of diagnosis. (Table 1) . Whole peripheral blood samples (10 ml) were collected before surgery from all the patients. Clotting of serum samples was allowed for 60 min before centrifugation at 1800× gravity per minute for 10 min, and the supernatants were stored at -80°C. BCR was defined as the period between radical prostatectomy and the measurement of 2 successive values of serum PSA level ≥0.2 ng/ml [29] . All participants gave written informed consent according to the institutional guidelines before inclusion into the study. This study was performed according to the Declaration of Helsinki and was approved by the Ethics Committee of the Third Hospital of Hebei Medical University (No. HMU20050712X).
Material and Methods
DNA extraction, bisulfite treatment, and methylationspecific PCR (MSP) DNA was extracted from 1 ml of archived serum from each patient, using the QIAmp DNA Blood Mini Kit (Qiagen, Valencia, CA, USA), according to the manufacturer's instructions. The isolated DNA was modified with bisulfite using the EpiTect Bisulfite Kit (Qiagen, Valencia, CA, USA) and standard protocol, as described previously [21] [22] [23] [24] .The methylation status of the PCDH17 was detected using MSP, as described previously [21] [22] [23] [24] . The primers were used as previously reported. Sequences were unmethylated: forward 5'-AGATTATTGGGTGTTGTAGTTT-3' and reverse 5'-AACCCTAACACAACATACACA-3'; and methylated: forward 5'-GATTATCGGGTGTCGTAGTTC-3' and reverse 5'-CCCTAACGCAACGTACGCG-3' [21] [22] [23] [24] . The PCR amplification was carried out as previously reported [21] [22] [23] [24] . In vitro methylated DNA and unmethylated DNA (New England Biolabs, Beverly, MA, USA) were used as methylation and unmethylation positive control, as described previously. The MSP products were separated in 2% agarose gel, stained with ethidium bromide, and visualized under ultraviolet illumination for analysis. The product was defined as methylation-positive when methylated allele was present in the methylated DNA lane or both in the methylated and unmethylated DNA lanes, and was defined as methylation-negative when a band was present only in the unmethylated DNA lane, as reported previously [21] [22] [23] [24] .
Statistical analysis
The difference in PCDH17 methylation between prostate cancer patients and controls was evaluated using Fisher's exact test. The associations between PCDH17 methylation and clinicopathologic features were evaluated by chi square test. For BCR-free survival analysis, Kaplan-Meier survival analysis was used and the differences in survival were analyzed using the log-rank test. Univariate and multivariate Cox regression analysis was used to evaluate the predictive effect of PCDH17 methylation in prostate cancer [30] . The a priori sample size was calculated and power analysis was performed. The statistical analyses were performed using SPSS 13.0 software. P<0.05 was considered to be statistically significant.
Results

PCDH17 methylation in serum samples
We first examined the methylation status of PCDH17 in serum samples of early-stage prostate cancer patients and patients with BPH. The results indicated that PCDH17 methylation occurred in 95 prostate cancer patients (56.9%) and in none of the patients with BPH, and the difference was statistically significant (P<0.001). A representative MSP result is shown in Figure 1 .
Correlations between PCDH17 methylation and clinicopathologic features
Subsequently, we correlated the methylation status of PCDH17 in serum with the clinicopathologic features of patients with prostate cancer. Aberrant methylation of PCDH17 was significantly associated with advanced pathological stage (P=0.033), higher Gleason score (P=0.025), higher preoperative PSA levels (P=0.017), and BCR (P<0.001). There were no statistically significant associations between PCDH17 methylation and age, lymph node status, or surgical margin status. These findings are presented in Table 1 . 
PCDH17 methylation predicts BCR after radical prostatectomy
The follow-up data was obtained from all the prostate cancer patients. The patients were followed up at between 7 and 60 months (median 60 months). BCR was detected in 47 (28.1%) patients during the follow-up period. To investigate the association of PCDH17 methylation with BCR, patients were divided into a methylated PCDH17 group and an unmethylated PCDH17 group. BCR-free survival curves were established according to PCDH17 methylation status. Kaplan-Meier survival analysis and log-rank test suggested that patients with methylated PCDH17 had a significantly shorter BCR-free survival time than patients with unmethylated PCDH17 ( Figure  2 , x 2 =19.458, P<0.001, log-rank test). Moreover, univariate regression analysis indicated that higher preoperative PSA level, higher Gleason score, and PCDH17 methylation were significantly associated with poor BCR-free survival. All factors determined to be significant in the univariate analysis were tested with multivariate analysis for association with BCRfree survival. Multivariate analysis demonstrated that higher Gleason score and PCDH17 methylation were independently associated with shorter BCR-free survival. These results are shown in Table 2 .
Discussion
Prostate cancer is a heterogeneous disease with outcome difficult to predict. The major challenge in prostate cancer management is to distinguish aggressive tumors from indolent ones at the time of diagnosis, due to the limited accuracy of currently available predictive factors, such as serum PSA, Gleason score, and tumor stage [31] . Therefore, there is an urgent need to develop sensitive, non-invasive, and costeffective early prognosis biomarkers.
Aberrant DNA methylation results in the silencing of tumor suppressor genes, contributing to cancer initiation, progression, invasion, and metastasis, and thus could be a potential candidate for inclusion into improved prognostic factors, either alone or in combination with other molecular markers [32] . It has been shown that DNA methylation can not only be detected in tissue samples, but also in body fluids, such as blood, urine, and cerebrospinal fluid, allowing for development of noninvasive biomarkers [13, [32] [33] [34] . It is known that the circulating DNA in serum results from apoptosis or necrosis of tumor cells and originates from neoplastic cells, and the circulating DNA has a methylation pattern similar to that in the primary tumor. Previous studies have shown that detection of aberrant tumor-related DNA methylation in serum is feasible and may be useful for development of clinically relevant prognostic biomarkers for human cancers [13, [32] [33] [34] .
In the present study, we detected the methylation status of PCDH17 in serum samples of early-stage prostate cancer patients and patients with BPH by using MSP. PCDH17 has been reported to be hypermethylated in urologic cancers [35] . Our data indicate that the frequency of PCDH17 methylation in serum of prostate cancer patients was 56.9%, but no methylation of PCDH17 was found in the controls. The difference of PCDH17 methylation in serum between prostate cancer patients and controls was significant, in accordance with a previous study in prostate cancer tissues [22] . Because DNA methylation plays an important role in the initiation and progression of tumors, we further explored the clinicopathological significance and prognostic value of PCDH17 methylation in prostate cancer patients. According to our findings, PCDH17 methylation was significantly associated with advanced pathological stage, higher Gleason score, and higher preoperative PSA levels. These features are all considered as risk factors for the prognosis of prostate cancer. Thus, PCDH17 methylation in serum may be associated with poor outcome of prostate cancer patients. Moreover, PCDH17 methylation was more frequent in patients with BCR than in patients without BCR. Our findings are similar to those of previous studies in renal cell carcinoma and bladder cancer [21, 23, 24] . These results suggest that PCDH17 methylation in serum may be a useful predictor for BCR of prostate cancer after surgery.
Subsequently, the prostate cancer patients were divided into 2 groups according to the methylation status of PCDH17 in serum: a methylated PCDH17 group and an unmethylated PCDH17 group. Then, the BCR-free survival curves of the patients were established and the log-rank test indicated that patients with methylated PCDH17 had worse BCR-free survival than patients without methylated PCDH17. Furthermore, univariate Cox regression analysis suggested that PCDH17 methylation is an important risk factor of BCR, and multivariate Cox regression analysis verified that PCDH17 methylation is an independent predictor for BCR after surgery. Our findings are similar to those of a previous study in bladder cancer [24] .
The results indicate that PCDH17 methylation in serum has significant independent prognostic value for prediction of BCR after radical prostatectomy, at the time of diagnosis, beyond routine clinicopathologic predictors. Patients with methylated PCDH17 in serum have increased risk of BCR after surgery; therefore, adjuvant radiotherapy or chemotherapy should be performed after surgery in order to prevent tumor recurrence and progression.
Our study has some limitations. Our cohort consisted of only 167 patients with prostate cancer, and this study only identified 1 candidate marker. Thus, prospective studies are needed to identify more DNA methylations that could have higher predictive capability as a panel. The use of BCR as a clinical endpoint is also a limitation of our study, and other clinical endpoints, such as cancer-specific survival and overall survival, should be included in future studies. Given the long disease course of prostate cancer, this would require large cohorts with decades of follow-up [31] .
Conclusions
Our findings suggest that PCDH17 methylation in serum is a frequent event in early-stage prostate cancer, and is associated with malignant clinicopathologic factors of prostate cancer. Furthermore, PCDH17 methylation in serum is an independent predictor of BCR after radical prostatectomy. Our study supports a further role for PCDH17 methylation in serum in identifying patients at higher risk for BCR who may be benefit from more aggressive therapies after surgery.
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